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1. 


IS 


This is a FIRST submission of items concerning a filing under 35 U.S.C. 371. 


2. 


□ 


This is a SECOND or SUBSEQUENT submission of items concerning a filing under 35 U.S.C. 371. 


3. 


H 


This is an express request to begin national examination procedures (35 U.S.C. 371(f)). The submission must include itens (5), 
(6), (9) and (24) indicated below. 


4. 


IS 


The US has been elected by the expiration of 19 months from the priority date (Article 31). 


5. 


El 


A copy of the International Application as filed (35 U.S.C. 371 (c) (2)) 

a. □ is attached hereto (required only if not communicated by the International Bureau). 






b. 13 has been communicated by the International Bureau. 


n 




c. □ is not required, as the application was filed in the United States Receiving Office (RO/US). 


m 


□ 


An English language translation of the International Application as filed (35 U.S.C. 371(c)(2)). 
a. □ is attached hereto. 






b. □ has been previously submitted under 35 U.S.C. 154(d)(4). 


7$?»= 


SI 


Amendments to the claims of the International Application under PCT Article 19 (35 U.S.C. 371 (c)(3)) 



a. □ are attached hereto (required only if not communicated by the International Bureau). 

b. □ have been communicated by the International Bureau. 

c. □ have not been made; however, the time limit for making such amendments has NOT expired. 

d. Ei have not been made and will not be made. 





□ 


An English language translation of the amendments to the claims under PCT Article 19 (35 U.S.C. 371(c)(3)). 




□ 


An oath or declaration of the inventor(s) (35 U.S.C. 371 (c)(4)). 
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□ 


An English language translation of the annexes to the International Preliminary Examination Report under PCT 
Article 36 (35 U.S.C. 371 (c)(5)). 


11. 


□ 


A copy of the International Preliminary Examination Report (PCT/IPEA/409). 


12. 




A copy of the International Search Report (PCT/ISA/210). 


Items 


13 to 20 below concern document(s) or information included: 


13. 


□ 


An Information Disclosure Statement under 37 CFR 1.97 and 1.98. 


14. 


□ 


An assignment document for recording. A separate cover sheet in compliance with 37 CFR 3.28 and 3.3 1 is included. 


15. 


□ 


A FIRST preliminary amendment. 


16. 


□ 


A SECOND or SUBSEQUENT preliminary amendment. 


17. 


□ 


A substitute specification. 


18. 
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A change of power of attorney and/or address letter. 


19. 
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A computer-readable form of the sequence listing in accordance with PCT Rule 13ter.2 and 35 U.S.C. 1.821 - 1.825. 


20. 


□ 


A second copy of the published international application under 35 U.S.C. 154(d)(4). 


21. 


□ 


A second copy of the English language translation of the international application under 35 U.S.C. 154(d)(4). 


22. 


□ 


Certificate of Mailing by Express Mail 


23. 
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24. The following fees are submitted:. 

BASIC NATIONAL FEE ( 37 CFR 1.492 (a) (1) - (5)) : 

□ Neither international preliminary examination fee (37 CFR 1 .482) nor 
international search fee (37 CFR 1 .445(a)(2)) paid to USPTO 

and International Search Report not prepared by the EPO or JPO $1040.00 

H International preliminary examination fee (37 CFR 1 .482) not paid to 

USPTO but International Search Report prepared by the EPO or JPO 

□ International preliminary examination fee (37 CFR 1 .482) not paid to USPTO 
but international search fee (37 CFR 1.445(a)(2)) paid to USPTO 

□ International preliminary examination fee (37 CFR 1 .482) paid to USPTO 
but all claims did not satisfy provisions of PCT Article 33(l)-(4) 



ON NO. (IF KNOVmSSE 37 CfifiL 

(no 1 40 



INTERNATIONAL APPLICATION NO. 
PCT/EP00/07274 



$890.00 



$740.00 



□ 



International preliminary examination fee (37 CFR 1.482) paid to USPTO 
and all claims satisfied provisions of PCT Article 33(l)-(4) 



$710.00 

J 



$100.00 

ENTER APPROPRIATE BASIC FEE AMOUNT = 



ATTORNEY'S DOCKET NUMBER 
218451US0PCT 



CALCULATIONS PTO USE ONLY 



$890.00 



Surcharge of $130.00 for furnishing the oath or declaration later than 
months from the earliest claimed priority date (37 CFR 1.492 (e)). 



□ 20 



SI 30 



$130.00 



CLAIMS 



Total claims 



NUMBER FILED 



■20 = 



NUMBER EXTRA 



0 



RATE 



$18.00 



$0.00 



Independent claims 



- 3 = 



$84.00 



$0.00 



Multiple Dependent Claims (check if applicable). 



□ 



$0.00 



TOTAL OF ABOVE CALCULATIONS = 



$1,020.00 



□ ^Applicant claims small entity status. See 37 CFR 1 .27). The fees indicated above are 
Seduced by 1/2. 



$0.00 



SUBTOTAL = 



$1,020.00 



Pressing fee of $130.00 for furnishing the English translation later than 
mdams from the earliest claimed priority date (37 CFR 1.492 (f)). 



□ 20 



30 



$130.00 



TOTAL NATIONAL FEE = 



$1,150.00 



Fee for recording the enclosed assignment (37 CFR 1 .21(h)). The assignment must be 
accompanied by an appropriate cover sheet (37 CFR 3.28, 3.31) (check if applicable). 



□ 



$0.00 



TOTAL FEES ENCLOSED - 



$1,150.00 



Amount to be: 
refunded 



charged 



A check in the amount of $1,150.00 



b. 



□ 

□ 



to cover the above fees is enclosed. 

in the amount of 



to cover the above fees. 



Please charge my Deposit Account No. 

A duplicate copy of this sheet is enclosed. 

The Commissioner is hereby authorized to charge any additional fees which may be required, or credit any overpayment 
to Deposit Account No. 15-0030 A duplicate copy of this sheet is enclosed. 

Fees are to be charged to a credit card. WARNING: Information on this form may become public. Credit card 
information should not be included on this form. Provide credit card information and authorization on PTO-2038. 



NOTE: Where an appropriate time limit under 37 CFR 1.494 or 1.495 has not been met, a petition to revive (37 CFR 
1.137(a) or (b)) must be filed and granted to restore the application to pending status. 
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Thermoplastic Aliphatic Polyester Compositions. 
Preparation Method and Uses Thereof 



The invention relates to compositions for thermoplastic aliphatic polyesters, a process for 
their preparation, their use for the manufacture of films, foams, bottles or thermally molded 
products, the films, foams, bottles and thermally molded products obtained and the use of the films 
obtained. 

The thermoplastic aliphatic polyesters, and in particular the s -caprolactone polymers, have 
a great many desirable properties, including a good biodegradability and good tensile strength. 
These properties make the thermoplastic aliphatic polyesters, and in particular the e -caprolactone 
polymers, especially attractive in the polymer industry. 

For many potential applications of the thermoplastic aliphatic polyesters, and in particular 
the £ -caprolactone polymers, it nonetheless is necessary that these polymers be characterized by a 
behavior of hardening under elongation in the molten state. There may be cited among these 
applications the films used, for example, for the making of trash bags, films for agriculture, films 
for packaging, shrouds, disposable diapers or adhesive films; foams, bottles and thermally molded 
products including, for example, pots for young plants. 

Unfortunately, the thermoplastic polyesters and in particular the e -caprolactone polymers, do 
not naturally display this behavior of hardening under elongation in the molten state. 

It is known to increase the thermoresistance of £ -caprolactone polymers by bringing about 
their cross-linking through reaction with organic peroxides or through radiation with gamma rays. 
In these cases, however, the polymers obtained are characterized by a very high gel level (level of 
insoluble polymers) resulting in the occurrence of heterogeneous zones in the films which they form 
and consequently a poor surface quality of these films. In addition, very often there is noted a 
puncturing of the bubble which is obtained at the time of blowing, making the obtaining of a film 
impossible. 
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In addition, it also is known to add starch to the 8 -caprolactone polymers so that the 
compositions obtained display the properties required to give rise to the manufacture of films (C. 
Bastioli, MacromoL Symp., 135, 193-204 (1998)). Unfortunately, the e -caprolactone polymers 
present in these compositions are characterized disadvantageous^ by an excessively low 
crystallization speed, when the external temperature is too high, to ensure a sufficient output of the 
films formed. 

This invention has the purpose of compositions for thermoplastic aliphatic polyesters, in 
particular for £ -caprolactone polymers, which do not display the aforesaid drawbacks. 

This invention also has the purpose of a process for preparation of these compositions. 

The invention further has the purpose of the use of these compositions for the manufacture 
of films, foams, bottles or thermally molded products as well as the films, foams, bottles and 
thermally molded products obtained and the use of the films obtained for manufacturing trash bags, 
films for agriculture, films for packaging, shrouds, disposable diapers and adhesive films. 

To this end, the invention relates first of all to compositions for thermoplastic aliphatic 
polyesters characterized by an RMFI value ranging between LI and 2.5. 

For the purposes of this invention, RMFI is understood to refer to the ratio between two 
MFI measured at the same temperature, that is, the ratio between the MFI 8/2 obtained with a 
cylindrical die (height 8 mm +/- 0.025, diameter 2.095 mm +/- 0.003) and the MFI 0 3/1 obtained with 
a conical die as illustrated in Figure 1. The conical die is characterized by a cone angle of 60° +/- 
0.5, an external diameter of 9.48 mm, an internal diameter of 1.0 mm +/- 0.025, a total height of 
2.55 mm +/- 0.025 and a cylindrical-section height of 0.3 mm +/- 0.025. 

The two MFI are obtained by measuring the quantity of polymer passing through a 
calibrated die, the characteristics of which are set forth hereinabove, under a weight of 5 kg and at 
the same temperature. The measurement temperature generally is 20 to 40° C higher than the 
melting temperature of the thermoplastic aliphatic polyester, in particular 20 to 40° C higher than 
the melting temperature of the g -caprolactone polymers. The measurement temperature preferably 
is 40° C higher than the melting temperature of the thermoplastic aliphatic polyester, in particular 
40° C higher than the melting temperature of the e -caprolactone polymers. The measurement 
temperature usually is 100° C for the g -caprolactone homopolymers. The MFI are expressed in 



WO 01/07512 PCT/EP00/07274 



dg/min. 

The RMFI value is an indication of the branching level in the compositions according to the 
invention. An RMFI value ranging between 1.1 and 2.5 generally corresponds to a low, but not 
non-existent, branching level. 

The compositions according to the invention usually are characterized by an RMFI value in 
excess of or equal to 1.1, preferably in excess of or equal to 1.2, particularly preferably in excess of 
or equal to 1.3 

The compositions according to the invention usually are characterized by an RMFI value 
less than or equal to 2.5, preferably less than or equal to 2, particularly preferably less than or equal 

5 t( > 1-8. 

0 

y The compositions according to the invention also have a gel level less than or equal to 

G 0.5%. 

4S For the purposes of this invention, gel level is understood to refer to the level of polymers 

£3 

g insoluble in chloroform extracted by means of a soxhlet after 8 hours. 

0 The compositions according to the invention usually are characterized by a gel level less 

y than or equal to 0.5%, preferably equal to zero. 

| 1* compositions according * «he invention aiso display a hardening behavior under 

iy elongation in the molten state characterized by an exponential increase in elongational viscosity 
according to time. 

Elongational viscosity is understood to refer to the elongational viscosity as determined by 
means of a rheometer, at a temperature 20 to 40° C higher than the melting temperature of the 
thermoplastic aliphatic polyester, in particular at a temperature 20 to 40° C higher than the melting 
temperature of the s -caprolactone polymers (the temperature usually is 80° C for the e -caprolactone 
homopolymers) for an elongation gradient of 1 s" 1 , on a sample obtained by extrusion and subjected 
to a release of internal stresses prior to the measurements. 

In addition, the compositions according to the invention are characterized in that the point 
of inflection corresponding to the exponential increase in the elongational viscosity according to 
time generally is less than 3 seconds, preferably less than 2 seconds. 

For the purposes of this invention, thermoplastic aliphatic polyesters are understood to refer 
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to aliphatic polyesters and copolyesters in which the ester functions are separated by a chain of at 
least 2 carbon atoms, possibly substituted. 

As such polyesters or copolyesters, there may be cited in particular those derived from 
hydroxyalcanoates, in particular from 3-hydroxybutyrate, from 3-hydroxyvalerate and from 3- 
hydroxypropionate, but also polybutylene succinate and the E -caprolactone polymers. 

The £ -caprolactone polymers are very particularly preferred. 

The thermoplastic aliphatic polyesters of the compositions according to the invention 
therefore preferably are E -caprolactone polymers. 

s -caprolactone polymers are understood to refer to the E -caprolactone homopolymers as well 
as to the copolymers with a preponderant E -caprolactone content, for example at least 50% by 
weight, with other monomers, preferably with other cyclic lactones. Among these cyclic lactones 
there may be cited, for example, p -propiolactone, Y -butyrolactone, 5 -valerolactone, l,4-dioxane-2- 
one, l,4-dioxepane-2-one, l,5-dioxepane-2-one, glycolide (l,4-dioxane-2,5-dione) and the 
substituted derivatives thereof, as well as L-lactide, D-lactide, DL-lactide. 

The E -caprolactone polymers preferably are E -caprolactone homopolymers. 

The compositions for thermoplastic aliphatic polyesters, in particular for E -caprolactone 
polymers, also generally are characterized by a nearly linear relationship (absence of a Newtonian 
plateau) between the dynamic viscosity and the frequency when these are shown on a logarithmic 
graph. 

The dynamic viscosity usually is measured at a temperature 20 to 40° C higher than the 
melting temperature of the thermoplastic aliphatic polyester, in particular at a temperature 20 to 40° 
C higher than the melting temperature of the E -caprolactone polymers (the temperature usually is 
80° C for the E -caprolactone homopolymers), between 0.1 and 100 rad/s, by means of a 
rheogoniometer with imposed deformation on a sample with a diameter of 25 mm and a thickness 
of 2 mm cut into a pressed sheet, placed between two parallel plates and subjected to a deformation. 

The compositions according to the invention furthermore usually are characterized by a tan 
5 value, at a temperature 20 to 40° C higher than the melting temperature of the thermoplastic 
aliphatic polyester, in particular at a temperature 20 to 40° C higher than the melting temperature of 
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the E -caprolactone polymers (the temperature generally is 80° C for the e -caprolactone 
homopolymers) and 0. 1 rad/sec, less than or equal to 5, preferably less than or equal to 2.5. 

For the purposes of this invention, tan 5 is understood to refer to the ratio between the 
modulus of loss G" and the modulus of elasticity G', measured at the same temperature 20 to 40° C 
higher than the melting temperature of the thermoplastic aliphatic polyester, in particular at the 
same temperature 20 to 40° C higher than the melting temperature of the E -caprolactone polymers 
(the temperature generally is 80° C for the E -caprolactone homopolymers), by means of a 
rheogoniometer with imposed deformation on a sample, placed between two parallel plates and 

g subjected to a deformation, with a diameter of 25 mm and a thickness of 2 mm, cut into a pressed 

O sheet. 

□ The compositions according to the invention furthermore usually are characterized by a 
more rapid crystallization than the corresponding compositions characterized by an RMFI value 

□ ranging between 0.85 and 1 .05. 

O Thus, the compositions according to the invention usually have a crystallization 

*J temperature, measured by differential thermal analysis, in the first cooling pass, after having erased 
O the thermal history thereof, with a scanning speed of 10° K/min, at least 1 ° C higher than that of 
Rj corresponding compositions characterized by an RMFI value ranging between 0.85 and 1 .05. 

For the purposes of this invention, corresponding compositions characterized by an RMFI 
value ranging between 0.85 and 1.05 are understood to refer to compositions corresponding from 
any point of view to the compositions according to the invention, but which are characterized by an 
RMFI value ranging between 0.85 and 1.05. Such an RMFI value ranging between 0.85 and 1.05 
generally corresponds to a non-existent branching level. 

Alternatively, the kinetics of crystallization may be revealed by measurements of dynamic 
viscosity according to time, for a given deformation frequency and thermal treatment. The 
compositions according to the invention thus have a crystallization speed such that the ratio 
between this crystallization speed and the crystallization speed of corresponding compositions 
characterized by an RMFI value ranging between 0.85 and 1.05, measured at the same temperature, 
is in excess of 1. 

For the purposes of this invention, crystallization speed is understood to refer to the speed at 
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which the crystals grow in the compositions according to the invention. 

The crystallization speed may be determined by means of a rheogoniometer with imposed 
deformation. Measurements of the dynamic viscosity according to time, for a given deformation 
frequency, are performed on a sample subjected to a specific thermal treatment so as to follow the 
development of this rheological property throughout the crystallization process. The slope of the 
curve seen when the dynamic viscosity increases at the time of crystallization is a measurement of 
the crystallization speed. 

The compositions according to the invention preferably have a crystallization speed such 
that the ratio between this crystallization speed and the crystallization speed of corresponding 
compositions characterized by an RMFI value ranging between 0.85 and 1.05, measured at the 
same temperature, is in excess of 1.25, particularly preferably in excess of 1.5. 

The compositions according to the invention also have an induction time for crystallization 
such that the ratio between this induction time and the induction time of corresponding 
compositions characterized by an RMFI value ranging between 0.85 and 1.05, measured at the 
same temperature, is less than 1. 

For the purposes of this invention, induction time for crystallization is understood to refer to 
the time required for nucleation to occur in the compositions according to the invention. 

The induction time for crystallization corresponds to a time during which the dynamic 
viscosity remains constant prior to increasing significantly at the time of the measurements of 
dynamic viscosity according to time explained hereinabove. 

The compositions according to the invention preferably have an induction time for 
crystallization such that the ratio between this induction time and the induction time of 
corresponding compositions characterized by an RMFI value ranging between 0.85 and 1.05, 
measured at the same temperature, is less than 0.85, particularly preferably less than 0.7. 

The compositions according to the invention preferably comprise a thermoplastic aliphatic 
polyester, in particular an s -caprolactone polymer, the mean molecular mass in number of which, 
measured by gel permeation chromatography, is in excess of or equal to 10,000 g/mole. 

The mean molecular mass in number of the thermoplastic aliphatic polyester, in particular 
of the E -caprolactone polymer, is preferably in excess of or equal to 10,000, particularly preferably 
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in excess of or equal to 25,000, very particularly preferably in excess of or equal to 40,000 g/mole. 

The compositions according to the invention preferably comprise a thermoplastic aliphatic 
polyester, in particular an e -caprolactone polymer, the mean molecular mass in number of which, 
measured by gel permeation chromatography, is less than or equal to 200,000 g/mole. 

The mean molecular mass in number of the thermoplastic aliphatic polyester, in particular 
of the e -caprolactone polymer, is preferably less than or equal to 200,000, particularly preferably 
less than or equal to 175,000, very particularly preferably less than or equal to 150,000 g/mole. 

Mean molecular mass in number measured by gel permeation chromatography is 
understood to refer to the mean molecular mass in number measured by gel permeation 
chromatography, by means of a column of the Polymer Laboratories Mix-C type and a 
refractometer of the Waters Differential Refractometer R401 type. The concentration of the sample 
is 20 mg/mL and the flow rate is 1 mL/min. The standards used are polystyrene standards. In the 
specific case of the e -caprolactone polymers, the solvent used is chloroform and the conversion 
factor used is 0.6. 

The thermoplastic aliphatic polyester, in particular the g -caprolactone polymer, of the 
compositions according to the invention generally consists of a single polymer. 

The thermoplastic aliphatic polyester of the compositions according to the invention also 
may result from the mixing of at least two thermoplastic aliphatic polyesters. In particular, the 8 - 
caprolactone polymer of the compositions according to the invention also may result from the 
mixing of at least two s -caprolactone polymers. 

The thermoplastic aliphatic polyester, in particular the e -caprolactone polymer, may result 
from the mixing of at least two thermoplastic aliphatic polyesters, in particular of at least two e - 
caprolactone polymers, with mean molecular masses in number which are different but such that 
the thermoplastic aliphatic polyester, in particular the E -caprolactone polymer, of the compositions 
according to the invention is characterized by a mean molecular mass in number as defined 
hereinabove. 

The thermoplastic aliphatic polyester, in particular the E -caprolactone polymer, of the 
compositions according to the invention preferably results from the mixing of 0.1 to 99.9% by 
weight of the total quantity of polymers, of a thermoplastic aliphatic polyester, in particular of an s - 
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caprolactone polymer, of low molecular mass, and of 99.9 to 0.1% by weight of the total quantity 
of polymers, of a thermoplastic aliphatic polyester, in particular of an e -caprolactone polymer, of 
high molecular mass. 

In a particularly preferred manner, the thermoplastic aliphatic polyester, in particular the s - 
caprolactone polymer, of the compositions according to the invention results from the mixing of 0.1 
to 80% by weight of the total quantity of polymers, of a thermoplastic aliphatic polyester, in 
particular of an 8 -caprolactone polymer, of low molecular mass, and of 99.9 to 20% by weight of 
the total quantity of polymers, of a thermoplastic aliphatic polyester, in particular of an e - 
caprolactone polymer, of high molecular mass. 

In a very particularly preferred manner, the thermoplastic aliphatic polyester, in particular 
the e -caprolactone polymer, of the compositions according to the invention results from the mixing 
of 0.1 to 70% by weight of the total quantity of polymers, of a thermoplastic aliphatic polyester, in 
particular of an s -caprolactone polymer, of low molecular mass, and of 99.9 to 30% by weight of 
the total quantity of polymers, of a thermoplastic aliphatic polyester, in particular of an 8 - 
caprolactone polymer, of high molecular mass. 

In a truly preferred manner, the thermoplastic aliphatic polyester, in particular the 8 - 
caprolactone polymer, of the compositions according to the invention results from the mixing of 10 
to 60% by weight of the total quantity of polymers, of a thermoplastic aliphatic polyester, in 
particular of an g -caprolactone polymer, of low molecular mass, and of 90 to 40% by weight of the 
total quantity of polymers, of a thermoplastic aliphatic polyester, in particular of an s -caprolactone 
polymer, of high molecular mass. 

The thermoplastic aliphatic polyester, in particular the e -caprolactone polymer, of low 
molecular mass usually has a mean molecular mass in number, measured by gel permeation 
chromatography, in excess of or equal to 10,000 g/mole and less than or equal to 60,000 g/mole, 
and the thermoplastic aliphatic polyester, in particular the s -caprolactone polymer, of high 
molecular mass usually has a mean molecular mass in number, measured by gel permeation 
chromatography, in excess of 60,000 g/ mole and less than or equal to 200,000 g/mole. 

The thermoplastic aliphatic polyester, in particular the £ -caprolactone polymer, of low 
molecular mass usually has a mean molecular mass in number, measured by gel permeation 
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chromatography, less than or equal to 60,000 g/mole. 

The thermoplastic aliphatic polyester, in particular the e -caprolactone polymer, of low 
molecular mass usually has a mean molecular mass in number, measured by gel permeation 
chromatography, in excess of or equal to 10,000, preferably in excess of or equal to 25,000, 
particularly preferably in excess of or equal to 40,000 g/mole. 

The thermoplastic aliphatic polyester, in particular the E -caprolactone polymer, of high 
molecular mass usually has a mean molecular mass in number, measured by gel permeation 
chromatography, in excess of 60,000 g/mole. 

The thermoplastic aliphatic polyester, in particular the E -caprolactone polymer, of high 
molecular mass usually has a mean molecular mass in number measured by gel permeation 
chromatography less than or equal to 200,000, preferably less than or equal to 175,000, particularly 
preferably less than or equal to 150,000 g/mole. 

The compositions according to the invention furthermore may comprise a certain quantity 
of other biodegradable polymers such as, for example, polylactic acid, native or thermoplastic 
starch and modified or unmodified cellulose. 

The compositions according to the invention furthermore may comprise one or more 
common additives for thermoplastic aliphatic polyesters, in particular for e -caprolactone polymers, 
such as, for example, stabilizing agents, antioxidant additives, antistatic agents, organic or inorganic 
coloring agents, antiblocking agents, nucleant agents and filler materials, etc. 

The compositions according to the invention preferably furthermore comprise at least one 
filler material. 

Any customary filler material for thermoplastic aliphatic polyesters, in particular for e - 
caprolactone polymers, may be used. Among the latter there may be cited, for example, neutral or 
basic carbon blacks, metal oxides (in particular iron oxide), silica, kaolin, mica, talc, zeolites, 
fiberglass, natural fibers (flax, wood, sisal), biodegradable filler materials (recycled paper, native 
starch) and calcium carbonate. The filler materials also may be surface-treated in order to facilitate 
their dispersion in the compositions according to the invention. 

A particularly preferred filler material is calcium carbonate. 

The compositions according to the invention usually comprise up to 80% by weight, 
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preferably up to 60% by weight, particularly preferably up to 50% by weight, very particularly 
preferably up to 40% by weight of at least one filler material. 

The compositions according to the invention also comprise at least one stabilizing agent. 

All the stabilizing agents for thermoplastic aliphatic polyesters, in particular for 8 - 
caprolactone polymers, may be used. Particularly preferred stabilizing agents are compounds 
comprising a sterically congested phenol group, phosphorous compounds and mixtures thereof. It 
is a matter, for example, of compounds such as l,3,5-trimethyl-2,4,6--tris(3,5-t-butyl-4- 
hydroxybenzyl)benzene, pentaerythrityl tetrakis-(3,5-di-t-butyl-4-hydroxyphenylpropionate), tris- 
(2,4-di-t-butylphenyl)phosphite or the mixture of pentaerythrityl tetrakis-(3,5-di-t-butyl-4- 
hydroxyphenylpropionate) and tris-(2,4-di-t-butylphenyl)phosphite, preferably in equal quantities. 
A stabilizing agent which is well suited is l,3,5-trimethyl-2,4,6-tris(3,5-t-butyl-4- 
hydroxybenzyl)benzene. 

The compositions according to the invention may be obtained by any process whatsoever. 
Good results are obtained if they are prepared by means of the process according to the invention. 

The invention also relates to a process for preparation of compositions for thermoplastic 
aliphatic polyesters according to which there is caused to react in a molten mass in an extruder a 
thermoplastic aliphatic polyester with a radical generator in a quantity ranging between 0.01 and 
0.2% by weight in relation to the thermoplastic aliphatic polyester. 

The thermoplastic aliphatic polyesters are defined hereinabove and preferably are 8 - 
caprolactone polymers. 

In general the radical generator is used in the process according to the invention in a 
quantity sufficient to permit reaction between the radical generator and the thermoplastic aliphatic 
polyester, in particular the s -caprolactone polymer. In addition, it is desirable that the quantity not 
exceed the necessary quantity, because any excess of radical generator can lead to a cross-linking of 
the polymers present. 

In general the quantity of radical generator ranges between 0.01 and 0.2% by weight in 
relation to the thermoplastic aliphatic polyester, in particular in relation to the 8 -caprolactone 
polymer. 

The quantity is usually at least equal to 0.01, preferably at least equal to 0.025, particularly 
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preferably at least 0.05% by weight in relation to the thermoplastic aliphatic polyester, in particular 
in relation to the e -caprolactone polymer. In general, the quantity is at most 0.2, preferably it is at 
most 0.15, particularly preferably it is at most 0.125% by weight in relation to the thermoplastic 
aliphatic polyester, particularly in relation to the s -caprolactone polymer. 

As a radical generator, there preferably is used an organic peroxide, and more particularly 
an alkylperoxide. Among the latter there may be mentioned t-butylcumyl peroxide, l,3-di(2-t- 
butylperoxyisopropyl)benzene, 2,5-dimethyl-2,5-di(t-butylperoxy)hexane, di (t-butyl)peroxide and 
2,5-dimethyl-2,5-di(t-butylperoxy)-3-hexyne. The 2,5-dimethyl-2,5-di-t-butylperoxy-hexane 
(DHBP) is particularly preferred. 

q The radical generator may be introduced in any manner whatsoever so long as it is 

introduced continuously over time and is well dispersed in the molten material. Thus, for example, 

0 the radical generator may be introduced by spraying, for example by means of a spray-type injector 

jg or a vaporizer. 

The radical generator preferably is introduced into the extruder in a mixture with carbon 
O dioxide, by means of a thermoplastic aliphatic polyester containing it or by means of a filler 
jfjj material containing it. 

y According to a first preferred embodiment of the invention, the radical generator is 

P 

Til introduced into the extruder in a mixture with carbon dioxide. Any device permitting the mixing of 
the radical generator and the carbon dioxide and the introduction of this mixture into the extruder 
may be used for this purpose. Depending on the temperature and pressure conditions, the carbon 
dioxide may be in the liquid, gaseous or supercritical state. 

According to a second preferred embodiment of the invention, the radical generator is 
introduced into the extruder by means of a thermoplastic aliphatic polyester, preferably an s - 
caprolactone polymer, containing the radical generator. 

According to a first variant, the radical generator, preferably DHBP, is introduced into the 
extruder in the form of a mixture of a thermoplastic aliphatic polyester, preferably an e -caprolactone 
polymer, in the solid state with the radical generator, preferably DHBP, also in the solid state. In a 
particularly preferred manner, the B -caprolactone polymer exists in the form of a powder the 
particles of which are of a size less than or equal to 1 00 jum. In a particularly preferred manner, the 
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DHBP exists in the form of a talc powder impregnated with DHBP. 

According to a second variant, the radical generator, preferably DHBP, is introduced into 
the extruder by means of a thermoplastic aliphatic polyester, preferably an £ -caprolactone polymer, 
impregnated in advance with the radical generator, preferably DHBP, at the time of a pretreatment 

According to a third preferred embodiment of the invention, the radical generator is 
introduced into the extruder by means of a filler material containing the radical generator. In a 
particularly preferred manner, the DHBP is introduced in the form of a mixture of calcium 
carbonate in the solid state and DHBP in the solid state, for example in the form of a talc powder 
impregnated with DHBP. 

For the purposes of this invention, reaction in a molten mass is understood to refer to any 
reaction in the substantial absence of solvent or of diluent and at a temperature at least equal to the 
melting temperature of the thermoplastic aliphatic polyesters, in particular the e -caprolactone 
polymers. 

Extruder is understood to refer to any continuous device comprising at least one loading 
zone and, at its outlet, a discharge zone preceded by a compression zone, the latter forcing the 
molten mass to pass through the discharge zone. In addition, the discharge zone may be followed 
by a granulation device or a device imparting a shaped form, such as a film or a bottle paraison, to 
the extruded material. Advantageously use will be made of known extruders based on twin-screw 
operation, whether co- or counter-rotary. 

The extruder used in the process according to this invention preferably is fitted out so that it 
comprises successively a loading zone, a melting zone for the material, a homogenization zone, a 
reaction zone, optionally a zone for introduction of additives, optionally a degassing zone and a 
discharge zone preceded by a compression zone. Each of these zones has a very specific function 
and is at a very specific temperature. 

The loading zone has the function of providing for loading of the polymer or polymers. It 
usually is at a temperature less than or equal to 20° C. 

The zone for melting of the material has the function of providing for the melting of the 
material. 

The homogenization zone has the function of homogenizing the molten material. 



WO 01/07512 



-13- 



PCT/EP00/07274 



The reaction zone has the function of providing for reaction. 

The temperature in the zone for melting and in the zone for homogenization of the material 
usually is in excess of or equal to the melting temperature of the polymer and less than or equal to 
the temperature at which the half-life period of the radical generator is ten times greater than the 
dwell time of the material in the zone. 

The temperature in the reaction zone usually is in excess of or equal to the temperature at 
which the half-life period of the radical generator is less than or equal to the dwell time of the 
material in this zone. 

The zone for introduction of additives has the function of providing for the introduction of 
additives at the time when the latter are added. The temperature of this zone usually is the same as 
that of the reaction zone or is slightly higher. 

The degassing zone has the function of permitting elimination of the volatile products of 
decomposition of the radical generator. The temperature of this zone usually is the same at that of 
the reaction zone or is slightly lower. 

The compression zone has the function of compressing the material so as to force it through 
the discharge zone. The temperature in the compression zone usually is dependent on the viscosity 
of the material to be discharged. 

The discharge zone has the function of providing for the discharge of the material. The 
temperature in the discharge zone usually is dependent on the viscosity of the material to be 
discharged. 

When the radical generator is introduced into the extruder in a mixture with carbon dioxide, 
it preferably is introduced into the material-melting zone of the extruder. 

When the radical generator is introduced into the extruder by means of a thermoplastic 
aliphatic polyester, in particular an E -caprolactone polymer, it preferably is introduced into the 
loading zone of the extruder. 

When the radical generator is introduced into the extruder by means of a filler material 
containing the radical generator, it preferably is introduced into the loading zone of the extruder. 

In the course of the process, there may be incorporated at any point whatsoever one or more 
common additives for thermoplastic aliphatic polyesters, in particular £ -caprolactone polymers, 
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such as those described hereinabove. 

In a preferred form of the process, at least one filler material is added during the process. 

The preferred filler materials are those described hereinabove. A very particularly preferred 
filler material is calcium carbonate. 

In the process according to the invention, there usually is added up to 80% by weight, 
preferably up to 60% by weight, particularly preferably up to 50% by weight, very particularly 
preferably up to 40% by weight of at least one filler material. 

In the process according to the invention, there also may be added, for example, at least one 
stabilizing agent. 

The preferred stabilizing agents are those described hereinabove. A stabilizing agent which 
is well suited is l,3,5-trime%l-2,4,6-tris(3,5-t-butyl-4-hydroxybenzyl)benzene. 

When a stabilizing agent is added, it preferably is done at the same time as the filler 
material. These then preferably are introduced into the additive introduction zone. 

The invention further relates to compositions for thermoplastic aliphatic polyesters, in 
particular e -caprolactone polymers, deriving from the process according to the invention. 

This invention also relates to the use of the compositions according to the invention for the 
manufacture of films, foams, bottles or thermally molded products. 

The invention also relates to the films obtained starting from the compositions according to 
the invention. The films obtained preferably are produced by blowing extrusion. 

The invention also relates to the use of the films obtained for the manufacture of trash bags, 
films for agriculture, films for packaging, shrouds, disposable diapers and adhesive films. 

The invention also relates to the foams obtained starting from the compositions according to 
the invention. 

The invention also relates to the bottles obtained starting from the compositions according 
to the invention. 

The invention also relates to the thermally molded products obtained starting from the 
compositions according to the invention. 

The compositions for thermoplastic aliphatic polyesters, in particular e -caprolactone 
polymers, according to the invention therefore advantageously are characterized by a rheological 
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behavior (elongational viscosity, tan 5, dynamic viscosity) such that they are characterized by an 
increase in deformation resistance at the time of blowing, hence an extremely stable blowing 
process and the formation of extremely stable bubbles with a homogeneous thickness. 

In addition, the compositions according to the invention are characterized by a very low, or 
even non-existent, gel level (level of insoluble polymers), giving rise to films having no or very few 
heterogeneous zones and consequently displaying a very good surface quality and a transparency 
suited to the contemplated applications. 

In addition, the compositions according to the invention are characterized by a greater 
crystallization speed than the corresponding compositions according to the prior art. By virtue 
thereof, the production yield of the films made is less sensitive to cooling and to the ambient 
temperature. 

The films, foams, bottles or thermally molded products obtained starting from the 
compositions according to the invention furthermore are biodegradable. Finally, the films obtained 
also are characterized by a very good printability. 

The examples which follow serve to illustrate this invention, without thereby limiting the 
scope thereof. 
Polv- c -caprolactones 

The poly- E -caprolactones used are the commercial poly—caprolactones CAPA® 650 and 
CAPA® 680 sold by SOLVAY INTEROX. They are characterized by: 

A mean molecular mass in number of 44,000 g/mole for the CAPA® 650 poly v 
caprolactones and 70,000 g/mole for the CAPA® 680 poly- e -caprolactone. The mean 
molecular mass in number is measured by gel permeation chromatography, using 
chloroform as solvent, by means of a column of the Polymer Laboratories Mix-C type and a 
refractometer of the Waters Differential Refractometer R401 type. The concentration of the 
sample is 20 mg/mL and the flow rate is 1 mL/min. The standards used are polystyrene 
standards and the conversion factor used is 0.6. 

A melting temperature of 58-60° C for the CAPA® 650 poly v caprolactones and for the 
CAPA® 680 poly v caprolactone. The melting temperature is measured by differential 
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thermal analysis, in the second pass and with a scanning speed of 10° K/min. 

The CAPA® 65100 poly- £ -caprolactone sold by SOLVAY INTEROX also was used. This 
poly 8 -caprolactone is chemically identical to the CAPA® 650 poly- s -caprolactone but is supplied in 
the form of a powder the particles of which are of a size less than or equal to 1 00 (im. 
Radical generator 

The radical generator used is 2,5-dimethyl-2,5-di-t-butylperoxyhexane (DHBP) sold under 
the brand name LUPERSOL® 101 by PEROXID CHEME or 2,5-dimethyl-2,5-di-t- 
butylperoxyhexane (DHBP) absorbed on talc, sold under the name DHBP-45-IC by PEROXID 
CHEMIE. 
Filler material 

The filler material, when it is used, is calcium carbonate sold under the brand name OMYA 
BLH™ by OMYA Benelux. 
Stabilizing agent 

The stabilizing agent, when it is used, is l,3,5-trimethyl-2,4,6-tris(3,5-t-butyl-4- 
hydroxybenzyl)benzene sold under the brand name IRGANOX® 1330 by CIBA. 
Extruders 

A first extruder used is the twin-screw co-rotary WERNER & PFLEIDERER ZSK® 40 
extruder. The diameter of the screws is 40 mm and their length is 1360 mm. The rotation speed of 
the screws is 200 rpm (rotations per minute). 

The extruder is fitted out so that it comprises successively a loading zone, a zone for 
melting of the material, a homogenization zone, a reaction zone, optionally a zone for introduction 
of additives and a discharge zone preceded by a compression zone. Each of these zones is at a very 
specific temperature. 

The 8 -caprolactone polymer loading zone is at a temperature less than or equal to 20° C. 

The zone for melting of the material is at a temperature of 130° C. The DHBP is 
introduced into this zone in a mixture with carbon dioxide by means of the introduction device 
described hereinbelow. 

The homogenization zone is at a temperature of 130° C. 
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The reaction zone is at a temperature of 180° C. 

The zone for introduction of additives (filler material and stabilizing agent), when they are 
added, is at a temperature of 180° C. 

The compression zone is at a temperature of 180° C. 
The discharge zone is at a temperature of 1 80 ° C. 

A second extruder used is the twin-screw co-rotary WERNER & PFLEIDERER ZSK® 58 
extruder. The diameter of the screws is 58 mm and their length is 2160 mm. The rotation speed of 
the screws is 200 rpm (rotations per minute). 

The extruder is fitted out so that it comprises successively a loading zone, a zone for 
melting of the material, a homogenization zone, a reaction zone, optionally a zone for introduction 
of additives and a compression-discharge zone preceded by a degassing zone. Each of these zones 
is at a very specific temperature. 

The E -caprolactone polymer loading zone is at a temperature less than or equal to 20° C 
The DHBP is introduced into this zone in the form of a mixture with an E -caprolactone polymer. 

The zone for melting of the material is at a temperature of 120° C. 

The homogenization zone is at a temperature of 120° C. 

The reaction zone is at a temperature of 1 80° C. 

The degassing zone is at a temperature of 160° C. 

The compression-discharge zone is at a temperature of 120° C. 
Device for introduction of LUPERSOL© 101 DHBP in a mixture with carbon dioxide 

The device for introduction of organic peroxide in a mixture with carbon dioxide is 
illustrated schematically in Figure 2. 

The LUPERSOL® 101 DHBP contained in tank 6 is fed into mixing chamber 2 by means of 
pump 1. The liquid carbon dioxide contained in tank 4 is cooled to -10° C in cryothermostat 3 
prior to being fed into the mixing chamber 2 by means of a pump 1 '. The mixture of DHBP and 
liquid carbon dioxide prepared in the mixing chamber then is discharged into injector 7 the pressure 
of which is read by means of a pressure sensor 5. 

Liquid carbon dioxide tank 4 is a carboy under pressure with carbon dioxide. 



WO 01/07512 



-18- 



PCT/EP00/07274 



Pumps 1 and 1' are pumps of the GILSON 305 or 306 type. The head of pump l 1 provided 
for the carbon dioxide is equipped with a GILSON 5/10/25SG thermostat kit which makes it 
possible to cool the head to -10° C. The coolant liquid is isopropanol cooled in a JUBALO F30 
type cryothermostat 

This same cryothermostat is used to cool the liquid carbon dioxide (cryothermostat 3). 

Mixing chamber 2 is an analytical mixer equipped with a GILSON 8 1 1 C type helix. 

Injector 7 is an injector making it possible to work under high pressure (in excess of 74 bar). 

A pressure sensor 5 of the GILSON 806 type is placed between pump V and mixing 
chamber 2 to read the pressure in the injector (between 90 and 120 bar). 

The injector of the introduction device is arranged perpendicularly to the cover of the 
extruder and opens tangentially onto the thread of the extrusion screw. It is arranged precisely 
perpendicularly to the melting zone of the extruder. The carbon dioxide at the injector generally is 
in the supercritcal state. 

Pre paration of the mixture of DH BP-45-I C with CAP A® 65100 p oly- c -ca prolactone 

The 2 ? 5-dimethyl»2 5 5-di-t-butylperoxyhexane DHBP-45-IC was mixed with CAPA® 65100 
poly- e -caprolactone in a mixer stirred at slow speed, in the ratio of 30 g of DHBP-45-IC per kg of 
CAPA® 65100 poly v caprolactone. 
Characterization of the compositions obtained 

The compositions obtained are characterized by: 

MFI measurements for determination of the RMFI, 

measurement of the gel level, 

measurement of the mean molecular mass in number, 

measurement of their crystallization temperature, 

measurements of dynamic rheometry (ARES) for determination of the crystallization speed 
and the induction time on the one hand, and for determination of the viscoelastic properties 
(dynamic viscosity, tan 8) according to frequency, on the other hand, 
measurements of elongational rheometry (RME) for determination of the elongational 
viscosity. 
Determination of the RMFI 
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The RMFI is obtained by calculating the ratio between the MFl sa obtained with a 
cylindrical die (height 8 mm +/- 0.025, diameter 2.095 mm +/- 0.003) and the MFI^j obtained with 
a conical die such as illustrated in Figure^. The conical die is characterized by a cone angle of 60° 
+/- 0,5, an external diameter of 9.48 mm, an internal diameter of L0 +/- 0.025, a total height of 2.55 
mm +/- 0.025 and a cylindrical section height of 0.3 mm +/- 0.025. The two MFI are obtained by 
measuring the quantity of polymer passing through a calibrated die, the characteristics of which are 
set forth hereinabove, at a temperature of 100° C under the action of a mass of 5 kg and at the same 
temperature. The MFI are expressed in dg/min. 
Measurement of the gel level 

The gel level is the level of polymers insoluble in chloroform extracted by means of a 
soxhlet after 8 hours. 

Measurement of the mean molecular mass in number 

The mean molecular mass in number is measured by gel permeation chromatography, using 
chloroform as solvent, by means of a column of the Polymer Laboratories Mix-C type and a 
refractometer of the Waters Differential Refractometer R401 type. The concentration of the sample 
is 20 mg/mL and the flow rate 1 mL/min. The standards used are polystyrene standards and the 
conversion factor used is 0.6. 
Measurement of the crystallization temperature 

The crystallization temperature of the compositions is measured by differential thermal 
analysis, in the first cooling pass, after having erased the thermal history thereof and with a 
scanning speed of 10 K/min. 

Thus the sample, after having been maintained at -50° C for 5 minutes, is brought to a 
temperature of 120° C with a constant sweeping speed of 10° K/min. After having been 
maintained for 5 minutes at 120° C, the sample is subjected to a cooling with a scanning speed of 
10° K/min. and it is at the time of this cooling that the crystallization temperature is measured. 
Measurements of dynamic rheometrv 

The measurements of dynamic rheometry are performed by means of a rheogoniometer 
with imposed deformation, marketed by RHEOMETRICS under the name ADVANCED 
RHEOLOGICAL EXPANSION SYSTEM (ARES). The measurements are performed on the 
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sample, placed between 2 parallel plates and subjected to a periodic deformation applied by the 
movement of one plate with respect to the other, with a diameter of 25 mm and a thickness of 2 mm 
cut into a pressed sheet 

For the determination of the crystallization speed and the induction time, the sample is 
subjected to a thermal treatment calculated so as to follow the evolution of the dynamic viscosity, at 
a specific deformation frequency, according to time, throughout the crystallization process. The 
thermal treatment consists in heating the sample to 150° C with a speed of 24° C/min, maintaining 
it at 150° C for 10 minutes, cooling it to 47° C with a speed of 24° C/min and then to 45° C with a 
speed of 2° C/min. The evolution of the dynamic viscosity at 45° C, according to time, at a 

p frequency of 1 rad/s, is entered on a graph. 

The slope of the curve seen when the dynamic viscosity increases at the time of 

O crystallization is a measurement of the crystallization speed. 

The induction time for the crystallization corresponds to the time during which the dynamic 

Ci. viscosity remains constant prior to increasing significantly at the time of nucleation in the e - 

O caprolactone polymers, zero time corresponding to arrival at the temperature of 45 ° C. 

yj For determination of the viscoelastic properties (dynamic viscosity, tan 8) according to 

p 

% frequency, the sample is subjected to a deformation at a constant temperature of 80° C. The result 
^ y of the measurement (ARES diagram) is expressed by the variation, at 80° C, of the dynamic 
viscosity expressed in Pa.s or the moduli G" (modulus of loss) and G r (modulus of elasticity), 
expressed in Pa, according to the frequency expressed in rad/s. Tan 5 is the ratio between the 
moduli G" and G\ 

Measurements of elongational rheometrv 

The measurements of elongational rheometry are performed by means of a rheometer 
marketed by RHEOMETRICS under the name RME (RHEOMETRICS ELONGATIONAL 
RHEOMETER FOR MELTS). The sample (52 x 7 x 1.5 mm) is obtained by extrusion and is 
subjected to a procedure for release of the internal stresses prior to the measurements. 

The result of the measurement (RME diagram) is expressed by the variation, at 80° C, of 
the elongational viscosity in the molten state (expressed in kPa.s) according to time (expressed in s) 
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for an elongation gradient (expressed in s* 1 ) of 1 . 
Films 

Films were made by blowing extrusion starting from the compositions obtained, when that 
was possible, by means of an extruder of the DOLCI 20 type. This single-screw extruder is used to 
bring the material to the molten state (75 - 150° C) prior to forcing it through a ring-shaped die 
with a diameter of 30 mm and an air-gap of 0.75 mm (core of 28.5 mm), positioned perpendicularly 
to the axis of the extruder, so that the product exits vertically upward. The flow rate of the material 
is regulated by changing the speed of rotation of the screw. The tubular paraison then is inflated by 
an internal air pressure and cooled externally by a flow of air distributed uniformly around the 
bubble thus formed a few centimeters above the die. The air may be refrigerated, but it 
advantageously is at ambient temperature. The rate of inflation (defined as equal to the ratio of the 
perimeter of the film over the perimeter of the die) is regulated by adjusting the internal air 
pressure. The bubble then is flattened gradually by 2 guides, then gripped between 2 rollers, of 
which at least one is coated with rubber and at least one is driven. The tubular paraison therefore 
also is drawn in the axial direction by the two gripping rollers. The rate of drawing (defined as 
equal to the ratio of the speed of the film at winding over the speed of the film at the die) is adjusted 
by varying the speed of the gripping rollers. The final thickness of the film depends on the air-gap 
of the die, the rate of inflation and the rate of drawing. 
Characterization of the films obtained 

Measurements of traction, impact resistance and tear resistance were performed on the films 
obtained. 

Measurements of traction 

The measurements of traction are effected in accordance with ISO standard 527-3 (1993) on 
test-pieces 50 x 15 mm 2 , at 23° C and 50% relative humidity and with a speed of 100 mm/min 
(INSTRON tractive machine). 

The nominal stress (ratio of the tractive force over the initial section) and the elongation 
(ratio of the length after traction over the initial length, or 50 mm) in the direction of extrusion or in 
the direction perpendicular to extrusion are determined. 

The nominal stress is expressed in MPa and the elongation in %. 
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Measurements of impact resistance 

The impact resistance is measured according to ISO standard 7765-1 (1998) (method A). 
The ratio of the weight thus determined to the thickness of the sample is calculated to express the 
result in g/|wm. 

Measurement of resistance to tear propagation 

The resistance to tear propagation is measured according to the "Elmendorf ' technique 
described in the ASTM-D1922 standard on test-pieces with a constant radius, at 23° C and 50% 
relative humidity with a 1 .6 kgf pendulum. In the case of films having a low tear resistance, several 
samples were superposed as the standard specifies. To prevent them from becoming fused at the 
time of impact, the different layers then were separated with a very thin insert, for which it was 
verified that it would not disrupt the measurement. 

The resistance to tear propagation is determined in the direction of extrusion or in the 
direction perpendicular to extrusion. 

The resistance to tear propagation is expressed in N. 
Example 1 

The CAP A® 680 poly v caprolactone was introduced into the loading zone of the WERNER 
& PFLEIDERER ZSK® 40 extruder with a flow rate of 30 kg/h and was spread through the 
different zones of the extruder. 

In the melting zone of the extruder, the LUPERSOL® 101 DHBP, in a mixture with carbon 
dioxide, was sprayed onto the poly v caprolactone by means of the introduction device described 
hereinabove. The LUPERSOL® 101 DHBP was introduced at the rate of 1 g per kg of CAP A® 680 
poly- s -caprolactone and at the rate of 570 jal of DHBP in 5 mL of carbon dioxide per minute. 

The values for RMFI, gel level, mean molecular mass in number, crystallization 
temperature (T c ) and tan 5 measured on the composition obtained are set forth in Table I. 

The variation in elongational viscosity (expressed in kPa.s) at 80° C, according to time 
(expressed in s) for an elongation gradient (expressed in s" 1 ) of 1 is illustrated in Figure 3 (symbol 

o). 

The variation in dynamic viscosity (expressed in Pa.s) according to the frequency 
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(expressed in rad/s) at 80° C is illustrated in Figure 4 (symbol 0 ). 

Two films (No. 1.1, 1.2) were prepared starting from the composition according to example 
1 in the manner described hereinabove and with the conditions set forth hereinbelow. 



Film No. 


Flow rate 
kg/h 


Speed, 
m/minimum 


Thickness 


Drawing rate 


Inflation rate 


1.1 


2.3 


1.7 


48 


3 


4.4 


1.2 


2.3 


3.5 


19 


6.3 


4.4 



The two films are characterized by an impact resistance of 1.2 and 2.3 g/]um respectively. 
Film No. 1.1 is characterized by a resistance to tear propagation of 0.3 N in the direction of 
extrusion and of 0.65 N in the direction perpendicular to extrusion. 
Example 2 (comparative) 

Example 1 was repeated in the absence of DHBP. 

The values for RMFI, gel level, mean molecular mass in number, crystallization 
temperature (T c ) and tan 8 measured on the composition obtained are set forth in Table I. 

The variation in elongational viscosity (expressed in kPa.s) at 80° C, according to time 
(expressed in s) for an elongation gradient (expressed in s' 1 ) of 1 is illustrated in j ngure 3 
(symbol 0 ). 

The variation in dynamic viscosity (expressed in Pa.s) according to frequency (expressed in 
rad/s) at 80° C is illustrated in Figure 4 (symbol <>). 

It was not possible to obtain a film by blowing extrusion from the composition according to 
example 2. 
Example 3 

Example 1 was repeated, replacing the CAP A® 680 poly v caprolactone with a mixture of 
40% by weight of CAPA® 680 poly v caprolactone and 60% by weight of CAP A® 650 poly v 
caprolactone. The mean molecular mass in number, measured by gel permeation chromatography, 
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is 55,000 g/mole. 

The values for RMFI, gel level, mean molecular mass in number, crystallization 
temperature (T c ) and tan 5 measured on the composition obtained are set forth in Table I. 

The variation in elongational viscosity (expressed in kPa.s) at 80° C, according to time 
(expressed in s) for an elongation gradient (expressed in s-1) of 1 is illustrated in Figure 5 (symbol 

o). 

The variation in dynamic viscosity (expressed in Pa.s) according to frequency (expressed in 
rad/s) at 80° C is illustrated in Figure 6 (symbol □). 

A film was prepared starting from the composition according to example 3 in the manner 
q described hereinabove and with the conditions set forth hereinbelow. 



Film No. 


Flow rate 
kg/h 


Speed, 
m/minimum 


Thickness 


Drawing rate 


Inflation rate 


3.1 


2.1 


1.3 


59 


2.5 


4.5 



The measurements of traction performed on this film yield the following results: the 



Jf ( nominal stress in the direction of extrusion is 46 MPa, the elongation in the direction of extrusion is 
O 1000%, the nominal stress in the direction perpendicular to extrusion is 48 MPa and the elongation 
ey in the direction perpendicular to extrusion is 950%. 

The film is characterized by an impact resistance of 0.9 g/|nm. 

The film also is characterized by a resistance to tear propagation of 0.7 N in the direction of 
extrusion and 0.95 N in the direction perpendicular to extrusion. 
Example 4 (comparative) 

Example 3 was repeated in the absence of DHBP. 

The values for RMFI, gel level, mean molecular mass in number, crystallization 
temperature (T c ) and tan 5 measured on the composition obtained are set forth in Table I. 

The variation in elongational viscosity (expressed in kPa.s) at 80° C, according to time 
(expressed in s) for an elongation gradient (expressed in s" 1 ) of 1 is illustrated in Figure 5 
(symbol +). 

The variation in dynamic viscosity (expressed in Pa.s) according to frequency (expressed in 
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rad/s) at 80° C is illustrated in Figure 6 (symbol +). 

It was not possible to obtain a film by blowing extrusion from the composition according to 
example 4. 

The ratio between the speed of crystallization of the composition according to the invention 
(example 3) and the speed of crystallization of the corresponding composition (comparative 
example 4) is equal to 3.45. 

The ratio between the induction time of the composition according to the invention 
(example 3) and the induction time of the corresponding composition (comparison example 4) is 
equal to 0.65. 
Example 5 

Example 3 was repeated, adding 30% by weight, in relation to the final composition, of 
OMYA BLH™ calcium carbonate and 3.5 g of the stabilizing agent IRGANOX® 1330 per kg of 
poly- 8 -caprolactone. 

The values for RMFI, gel level, mean molecular mass in number, crystallization 
temperature (T c ) and tan 5 measured on the composition obtained are set forth in Table I. 

The variation in elongational viscosity (expressed in kPa.s) at 80° C, according to time 
(expressed in s) for an elongation gradient (expressed in s" 1 ) of 1 is illustrated in Figure 7 
(symbol J. 

The variation in dynamic viscosity (expressed in Pa.s) according to frequency (expressed in 
rad/s) at 80° C is illustrated in Figure 8 (symbol J. 

A film (No. 5.1) was prepared starting from the composition according to example 5 in the 
manner described hereinabove and with the conditions set forth hereinbelow. 



Film No. 


Flow rate 
kg/h 


Speed, 
m/minimum 


Thickness 


Drawing rate 


Inflation rate 


5.1 


3 


1.4 


50 


2.4 


4.6 


Film No. 5. 1 is characterized by an impacl 


t resistance lower than 0.8 g/|um. 
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Example 5 was repeated in the absence of DHBP. 

The values for RMFI, gel level, mean molecular mass in number, crystallization 
temperature (T c ) and tan 8 measured on the composition obtained are set forth in Table I. 

The variation in elongational viscosity (expressed in kPa.s) at 80° C, according to time 
(expressed in s) for an elongation gradient (expressed in s" 1 ) of 1 is illustrated in Figure 7 
(symbol *). 

The variation in dynamic viscosity (expressed in Pa.s) according to frequency (expressed in 
rad/s) at 80° C is illustrated in Figure 8 (symbol *). 

It was not possible to obtain a film by blowing extrusion from the composition according to 
example 6. 
Example 7 

A mixture of 40% by weight of CAP A® 680 poly- £ -caprolactone and 60% by weight of 
CAP A® 650 poly v caprolactone was introduced into the loading zone of the WERNER & 
PFLEIDERER ZSK® 58 extruder and was spread through the different zones of the extruder. 

In the loading zone of the extruder there also was introduced DHBP in the form of a 
mixture of DHBP-45-IC with CAP A® 65100 poly- s -caprolactone as described hereinbefore. The 
total flow rate of the poly- e -caprolactones is 150 kg/h and the quantity of DHBP is 1 g/kg of the 
mixture of poly- g -caprolactones. 

The values for RMFI, gel level, mean molecular mass in number, crystallization 
temperature (T c ) and tan 8 on the composition obtained are set forth in Table L 

The variation in elongational viscosity (expressed in kPa.s) at 80° C, according to time 
(expressed in s) for an elongation gradient (expressed in s" 1 ) of 1 is illustrated in Figure 9 
(symbol 

The variation in the dynamic viscosity (expressed in Pa.s) according to frequency 
(expressed in rad/s) at 80° C is illustrated in Figure 10 (symbol ■). 

A film was prepared starting from the composition according to example 7 in the manner 
described hereinabove and with conditions similar to those used for the film prepared starting from 
the composition according to example 3. 
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The film obtained is characterized by a homogeneous thickness and by characteristics 
similar to the one obtained starting from the composition according to example 3. 
Example 8 (comparative') 

Example 7 was repeated in the absence of DHBP. 

The values for RMFI, gel level, mean molecular mass in number, crystallization 
temperature (T c ) and tan 8 measured on the composition obtained are set forth in Table I. 

The variation in elongational viscosity (expressed in kPa.s) at 80° C, according to time 
(expressed in s) for an elongation gradient (expressed in s" 1 ) of 1 is illustrated in Figure 9 
(symbol A ). 

The variation is dynamic viscosity (expressed in Pa.s) according to frequency (expressed in 
rad/s) at 80° C is illustrated in Figure 10 (symbol J. 

It was not possible to obtain a film by blowing extrusion from the composition according to 
example 8. 



Table I 



Example 


RMFI 


Gel level (%) 


Mean molecular 
mass in number 


T C (°C) 


Tan 8 


1 


1.31 


0 


80,000 


35 


1.15 


2 comparative 


0.96 


0 


70,000 


32 


8.18 


3 


1.61 


0 


64,000 


36 


1.64 


4 comparative 


0.90 


0 


55,000 


32 


27.2 


5 


1.31 


0 


64,000 


36 


1.62 


6 comparative 


0.98 


0 


55,000 


35 


37.9 


7 


1.7 


0 


59,000 


34 


1.47 


8 comparative 


0.90 


0 


55,000 


32 


27.2 



From the analysis of the results of Table I, it appears that the compositions according to the 
invention are characterized by a crystallization temperature (T c ) which is at least 1 ° C higher than 



WO 01/07512 



PCT/EP00/07274 



-28- 

those observed for the corresponding compositions. In addition, it is noted that the crystallization 
speed of the compositions according to the invention is much greater than that of the corresponding 
compositions. 

The compositions according to the invention furthermore are characterized by a tan 8 value 
clearly lower than those measured for the corresponding compositions. 

From the study of Figures 3, 5, 7 and 9, it appears that the compositions according to the 
invention furthermore are characterized by an exponential increase in elongational viscosity 
according to time, characteristic of a structural hardening under stress, unlike the corresponding 
compositions. 

In addition, the point of inflection corresponding to the exponential increase in elongational 
viscosity according to time is less than 3 seconds, unlike the corresponding compositions. 

From the study of Figures 4, 6, 8 and 10 (logarithmic graphs) it appears that the 
compositions according to the invention furthermore are characterized by a nearly linear 
relationship between dynamic viscosity and frequency. As for the corresponding compositions, 
they are characterized by an evolution of dynamic viscosity toward the descending frequencies in 
the form of a Newtonian plateau. 

From the study of the results relating to the films obtained, it appears that the compositions 
according to the invention make it possible to obtain films. These films are resistant to traction, 
impact and tearing. On the other hand, the corresponding compositions do not make it possible to 
obtain films by blowing extrusion. 
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TN THE UNITED STATES PATENT & TRADEMARK OFFICE 

IN RE APPLICATION OF 

IVAN CLAEYS ET AL 

SERIAL NO: 10/030140 

FILED: JANUARY 28, 2002 

FOR: THERMOPLASTIC ALIPHATIC 
POLYESTER COMPOSITIONS, 
PREPARATION METHOD AND 
USES 



PRELIMINARY AMENDMENT 

ASSISTANT COMMISSIONER FOR PATENTS 
WASHINGTON, D.C. 20231 

SIR: 

Prior to examination on the merits, please amend the above-identified application as 
follows: 

TN THE CLAIMS 

Please amend the claims as shown in the marked-up copy following this amendment 
to read as follows: 

3. (Amended) Compositions according to claim 1, characterized in that they have a 
hardening behavior under elongation in the molten state characterized by an exponential 
increase in elongational viscosity according to time. 

4. (Amended) Compositions according to claim 1, characterized in that they 
comprise a thermoplastic aliphatic polyester of which the mean molecular mass in number, 
measured by gel permeation chromatography, is in excess of or equal to 10,000 g/mole. 



5. (Amended) Compositions according to claim 4, characterized in that they 
comprise a thermoplastic aliphatic polyester of which the mean molecular mass in number, 
measured by gel permeation chromatography, is less than or equal to 200,000 g/mole. 

6. (Amended) Compositions according to claim 4, characterized in that the 
thermoplastic aliphatic polyester consists of a single polymer. 

7. (Amended) Compositions according to claim 4, characterized in that the 
thermoplastic aliphatic polyester results from the mixing of at least two thermoplastic 
aliphatic polyesters. 

8. (Amended) Compositions according to claim 1, characterized in that they also 
contain at least one filler material. 

9. (Amended) Compositions according to claim 1, characterized in that the 
thermoplastic aliphatic polyesters are e-caprolactone polymers. 

10. (Amended) A process for preparation of compositions for thermoplastic aliphatic 
polyesters according to claim 1, characterized in that there is caused to react in a molten mass 
in an extruder a thermoplastic aliphatic polyester with a radical generator in a quantity 
ranging between 0.01 and 0.2% by weight in relation to the thermoplastic aliphatic polyester. 

14. (Amended) A process according to claim 10, characterized in that at least one 
filler material is added. 

15. (Amended) The use of compositions according to claim 1 for the manufacture of 
films, foams, bottles or thermally molded products. 

16. (Amended) Films obtained starting from the compositions according to claim 1. 
18. (Amended) The use of the films according to claim 16 for the manufacture of 

trash bags, films for agriculture, films for packaging, shrouds, disposable diapers and 
adhesive films. 



19. (Amended) Foams obtained starting from the compositions according to claim 1. 

20. (Amended) Bottles obtained starting from the compositions according to claim 1. 

21. (Amended) Thermally molded products obtained starting from the compositions 
according to claim 1. 



REMARKS 

£ 

Claims 3-10, 14-16 and 18-21 have been amended to remove multiple dependencies. 
No new matter is added. An action on the merits and allowance of claims is solicited. 
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Marked-Up Copy 

Serial No: 

Amendment Filed on: 
U-3o-D^ 



IN THE CLAIMS 

~ 3. (Amended) Compositions according to [any one of claims 1 to 2] claim 1, 
characterized in that they have a hardening behavior under elongation in the molten state 
y characterized by an exponential increase in elongational viscosity according to time. 

a 

|S 4. (Amended) Compositions according to [any one of claims 1 to 3] claim L 

jp characterized in that they comprise a thermoplastic aliphatic polyester of which the mean 

p molecular mass in number, measured by gel permeation chromatography, is in excess of or 

| a 

HH equal to 10,000 g/mole. 

UJ 

" 5. (Amended) Compositions according to [any one of claims 1 to 4] claim 4 , 

characterized in that they comprise a thermoplastic aliphatic polyester of which the mean 
molecular mass in number, measured by gel permeation chromatography, is less than or 
equal to 200,000 g/mole. 

6. (Amended) Compositions according to [any one of claims 4 to 5] claim 4 , 
characterized in that the thermoplastic aliphatic polyester consists of a single polymer. 

7. (Amended) Compositions according to [any one of claims 4 to 5] claim 4 , 
characterized in that the thermoplastic aliphatic polyester results from the mixing of at least 
two thermoplastic aliphatic polyesters. 



ru 
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. 8. (Amended) Compositions according to [any one of claims 1 to 7] claim L 

characterized in that they also contain at least one filler material 

9. (Amended) Compositions according to [any one of claims 1 to 8] claim L 
characterized in that the thermoplastic aliphatic polyesters are e-caprolactone polymers, 

10. (Amended) A process for preparation of compositions for thermoplastic aliphatic 
polyesters according to [any one of claims 1 to 9] claim 1, characterized in that there is 
caused to react in a molten mass in an extruder a thermoplastic aliphatic polyester with a 
radical generator in a quantity ranging between 0.01 and 0.2% by weight in relation to the 
thermoplastic aliphatic polyester. 

14. (Amended) A process according to [any one of claims 10 to 13] claim 10 . 
characterized in that at least one filler material is added. 

15. (Amended) The use of compositions according to [any one of claims 1 to 9] 
claim 1 for the manufacture of films, foams, bottles or thermally molded products. 

1 6. (Amended) Films obtained starting from the compositions according to [any one 
of claims 1 to 9] claim 1 . 

1 8. (Amended) The use of the films according to [any one of claims 16 to 17] claim 
16 for the manufacture of trash bags, films for agriculture, films for packaging, shrouds, 
disposable diapers and adhesive films. 

19. (Amended) Foams obtained starting from the compositions according to [any 
one of claims 1 to 9] claim 1 . 

20. (Amended) Bottles obtained starting from the compositions according to [any 
one of claims 1 to 9] claim 1 . 

21. (Amended) Thermally molded products obtained starting from the compositions 
according to [any one of claims 1 to 9] claim 1 .— 
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CLAIMS 

1 - Compositions for thermoplastic aliphatic polyesters or copolymers in which the ester 
functions are separated by a chain of at least 2 carbon atoms, possibly substituted, characterized by 
an RMFI value ranging between 1.1 and 2.5. 

2 - Compositions according to claim 1, characterized in that they have a gel level less than 
or equal to 0.5%. 

3 - Compositions according to any one of claims 1 to 2, characterized in that they have a 
hardening behavior under elongation in the molten state characterized by an exponential increase in 
elongational viscosity according to time. 

4 - Compositions according to any one of claims 1 to 3, characterized in that they comprise 
a thermoplastic aliphatic polyester of which the mean molecular mass in number, measured by gel 
permeation chromatography, is in excess of or equal to 10,000 g/mole. 

5 - Compositions according to any one of claims 1 to 4, characterized in that they comprise 
a thermoplastic aliphatic polyester of which the mean molecular mass in number, measured by gel 
permeation chromatography, is less than or equal to 200,000 g/mole. 

6 - Compositions according to any one of claims 4 to 5, characterized in that the 
thermoplastic aliphatic polyester consists of a single polymer. 

7 - Compositions according to any one of claims 4 to 5, characterized in that the 
thermoplastic aliphatic polyester results from the mixing of at least two thermoplastic aliphatic 
polyesters. 

8 - Compositions according to any one of claims 1 to 7, characterized in that they also 
contain at least one filler material. 
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9 - Compositions according to any one of claims 1 to 8, characterized in that the 
thermoplastic aliphatic polyesters are e-caprolactone polymers. 

10 - A process for preparation of compositions for thermoplastic aliphatic polyesters 
according to any one of claims 1 to 9, characterized in that there is caused to react in a molten mass 
in an extruder a thermoplastic aliphatic polyester with a radical generator in a quantity ranging 
between 0.01 and 0.2% by weight in relation to the thermoplastic aliphatic polyester. 

11 - A process according to claim 10, characterized in that the radical generator is 
introduced into the extruder in a mixture with carbon dioxide. 

12 - A process according to claim 10, characterized in that the radical generator is 
introduced into the extruder by means of a thermoplastic aliphatic polyester containing the radical 
generator. 

13 - A process according to claim 10, characterized in that the radical generator is 
introduced into the extruder by means of a filler material containing the radical generator. 

14 - A process according to any one of claims 10 to 13, characterized in that at least one 
filler material is added. 

15 - The use of compositions according to any one of claims 1 to 9 for the manufacture of 
films, foams, bottles or thermally molded products. 

16 - Films obtained starting from the compositions according to any one of claims 1 to 9. 

17 - Films according to claim 16, characterized in that they are produced by blowing 
extrusion. 

18 - The use of the films according to any one of claims 16 to 17 for the manufacture of 
trash bags, films for agriculture, films for packaging, shrouds, disposable diapers and adhesive 
films. 
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19 - Foams obtained starting from the compositions according to any one of claims 1 to 9. 

20 - Bottles obtained starting from the compositions according to any one of claims 1 to 9. 

21 - Thermally molded products obtained starting from the compositions according to any 
one of claims 1 to 9. 
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Abstract 



The invention concerns thermoplastic aliphatic polyester compositions characterised by a 
melt flow index ratio (RMFI) ranging between 1.1 and 2.5. The invention also concerns a method 
for preparing said compositions which are used for making films, foams, flasks or thermoformed 
products. The resulting films obtained from said compositions are used for making litter bags, 
films for agricultural use, packaging films, shrouds, diaper drawers and adhesive films. 



OBLONETAL (703) 413-3000 , 

docket \ja sm. I qvU) 



WO01/07512 PCT7EP00/07274 

- 1/6 




FIG. 1 



OBLON ET AL (703) 413-9000 
DOCKET^ 



AL (703) 413-3UUU , e 



WO 01/07512 PCT/EP00/07274 

2/6 



FIG. 2 




OBLON £t AL (703) 413-9000 , . 

WO 01/07512 PCT/EP00/07274 

4/6 





WO 01/07512 



OBLON ET AL £703) 413-3000 

DOCKET *&M<M%™*Dc*6> 



5/6 



PCT/EP00/07274 




FIG. 7 



1000000 



100000 




FIG. 8 



OBLON ET AL (903) 413-30)0 
DOCKET i 



WO 01/07512 



PCT/EP00/07274 



6/6 




FIG. 10 



S 5V?3 



ueciaraiion ana rower ot Aiiorney Tor Kaieni Application 
Declaration et Pouvoirs pour Demande de Brevet 


French Language Declaration 


En tant I'inventeur nomme ci-apres, je declare par le 
present acte que: 


As a below named inventor, I hereby declare that: 


Mori domicile, mon adresse postale et ma nationalite sont 
ceux figurant ci-dessous a c5te de mon nom. 


My residence, post office address and citizenship are as 
stated next to my name. 


Je crois etre \e premier inventeur original et unique (si un 
seul nom est mentianne ci-dessous), ou Tun des premiers 
co-inventeurs originaux (si plusieurs noms sont mentionnes 
ci-dessous) de I'objet revendique, pour lequel une 

tdernande de brevet a ete deposee concernant I'invention 

ff%tituiee 


I believe I am the original, first and sole inventor (if only one 
name is listed below) or an original, first and joint inventor 
(if plural names are listed below) of the subject matter 
which is claimed and for which a patent is sought on the 
invention entitled 


Yf t "Compositions de polyesters aliphatiques 




O thermoplastiques, procede pour leur 




V preparation et utilisation de celles-ci" 




!M dorit 14 description est fournie ci-joint a moins 


the specification of which: 


ci-joint 


□ is attached hereto. 


■ O.^rt^pn^te My 25, 2000 


cr was filed on 


tU sous le numero de demande des Etats : Unis ou le 
numero de demande international PCT 


as United States Application Number or PCT 
International Application Number 


PCT/EP00/07274 etmodifi6ele 


and was amended on 


(ie cas echeant). 


(if applicable)/ 


Je declare par ie present acte avoir passe en revue et 
compris le contenu de ia description ci-dessus, 
revendications comprises, telles que modifiees par toute 
modification dont il aura ete fait reference ci-dessus. 


i hereby state that I have reviewed and understand the 
contents of the above identified specification, including the 
claims, as amended by any amendment referred to above. 


Je reconnais devoir divulguer toute information pertinente a 
la brevetabilite, comme defini dans le Titre 37, § 1 .56 du 
Code federal des regimentations. 


I acknowledge the duty to disclose information which is 
material to patentability as defined in Title 37, Code of 
Federal Regulations, § 1.56. 
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French Language Declaration 



Je revendique par fe present acte avoir la priorite etrangere, en 
vertu du Titre 35, § 119(a)-(d) ou § 365(b) du Code des Etats- 
Unis, sur toute demande etrangere de brevet ou certificat 
d'inventeur ou, en vertu du Titre 35, § 365(a) du m§me Code, sur 
toute demande Internationale PCT designant au moins un pays 
autre que les Etats-Unis et figurant ci-dessous et, en cochant ia 
case, j'ai aussi indique ci-dessous toute demande etrangere de 
brevet, tout certificat d'inventeur ou toute demande Internationale 
. PCT ayant une date de depot precedant celle de la demande a 
propos de laquelle une priorite est revendiquee. 



I hereby clam foreign priority under Title 35,< United States Code, 
§ 1 19(a)-(d) or § 365(b) of any foreign application^) for patent or 
inventor's certificate, or § 365(a) of any PCT Internationa! 
application which designated at least one country other than the 
United States, listed below, and have also identified below, by 
checking the box, any foreign application for patent or inventor's 
certificate, "or PCT international application having a filing date 
before that of the application on which priority is claimed. 



Prior Foreign Application(s) 

Demande(s) de brevet anterieure(s) dans un autre pays. 



09900510 



(Number) 
(Numero) 



Belgium 



(Country) 
(Pays) 



My 27, 1999 



(Day/Month/Year Filed) 
(Jour/Mois/Anne de dep6t) 



Priority claimed 
Droit de priorite 

revendiqu^ 



Yes 
Oui 



□ 
No 
Non 



. (Number) 
H'Numero) 



(Country) 
(Pays) 



(Day/Month/Year Filed) 
(Jour/Mois/Anne de dep6t) 



□ 

Yes 
Oui 



□ 

No 
Non 



QJe revendique par le present acte tout benefice, en vertu du Titre 
1^35, § 119(e) du Code des Etats-Unis, de toute demande de 
' ^brevet provisoire effectuee aux Etats-Unis et figurant ci-dessous. 



I hereby claim the benefit under Title 35, United States Code, 
§ 119(e) of any United States provisional application(s) listed 
below. 



(Application No.) 
(N g de demande) 



(Filing Date) 
(Date de depot) 



(Application No.) 
(N- de demande) 



(Filing Date) 
(Date de depot) 



• %J Je revendique par le present acte tout benefice, en vertu du Titre 

0 35, § 120 du Code des Etats-Unis, de toute demande de brevet 
|jn effectuee aux Etats-Unis, ou en vertu du Titre 35, § 365(c) du 

1 ^ meme Code, de toute demande internationale PCT designant [es 

Etats-Unis et figurant ci-dessous et, dans la mesure ou 1'objet de 
chacune des revendications de cette demande de brevet n'est 
pas divulgue dans la demande anterieure americaine ou 
internationale PCT, en vertu des dispositions du premier para- 
graphe du Titre 35, § 11 2 du Code des Etats-Unis, je reconnais 
' devoir divulguer toute information pertinente a la brevetabilite, 
comme defini dans le Titre 37, § 1.56 du Code federal des 
regimentations, dont j'ai pu disposer entre ia date de depot de 
la demande anterieure et la date de depot de la demande 
nattonale ou internationale PCT de la presente demande: 



I hereby claim the benefit under Title 35, United States Code, 
§ 120 of any United States appiication(s), or § 365(c) of any PCT 
International application designating the United States, listed 
below and, insofar as the subject matter of each of the claims of 
this application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first 
paragraph of Title 35, United States Code, § 112, 1 acknowledge 
the duty to disclose information which is material to patentability 
as defined in Title 37, Code of Federal Regulations, § 1 .56 which 
became available between the filing date of the- prior application 
and the national or PCT International filing date of this 
application. 



PCT/EP00/0 7274 July 25, 200 0 pending 

(Application No.) (Filing Date) (Status) (patented, pending, abandoned) 

(N Q de demande) (Date de depdt) (Statut) (brevete, en cours d'examen, abandonne) 



(Application No.) " (Filing Date) (Status) (patented, pending, abandoned) 

(N e de demande) (Date de depot) (Statut) (brevete, en cours d'examen, abandonne) 

Je declare par le present acte que toute declaration ci-incluse I hereby declare that all statements made herein of my own 

est, a ma connaissance, veridique et que .toute declaration knowledge are true and that all statements made on information 

formulee a partir de renseignements ou de suppositions est and belief are believed to be true; and further that these 

tenue pour veridique; et de plus, que toutes ces declarations ont statements were made with the knowledge that willful false 

ete formulees en sachant que toute fausse declaration voiontaire statements and the like so made are punishable by fine or 

ou son equivalent est passible d'une amende ou d' une imprisonment, or both, under Section 1001 of Title 18 of the 

incarceration, ou des deux, en vertu de la Section 1001 du Titre United States Code and that such willful false statements may 

18 du Code des Etats-Unis, et que de telies declarations jeopardize the validity of the application or any patent issued 

volontairement fausses risquent de comproraettre la validite de la thereon, 
demande de brevet ou du brevet deiivre a partir de celie-ci. 

Page 2 of J 



French Language Declaration 



P0UV01RS: En tant que I'inventeur cite, je designe par la 
presente l'(les) avocat(s) et/ou agent(s) suivant(s) pour qiTils 
poursuive(nt) la procedure de cette demande de brevet et 
traite(nt) toute affaire s'y rapportant avec I'Office des brevets 
et des marquees; (mentionner le nom et (e numero 
d'enregistrement). 



POWER OF ATTORNEY: As a named inventor, I hereby 
appoint the following attorney(s) and/or agent(s) to prosecute 
this application and transact all business in the Patent and 
Trademark Office connected therewith: (list name and 
registration number) 



Norman R Obion, Reg. No. Marvin J. Spivak, Reg. No^^^LSJ^; C. Irvin McClelland, Reg. No , 21,124 ; Gregory J. Mater, Reg. No. 2 5,599; 

Arthur i. Neustadt, Reg. No. 24,854; Richard D. Keliy, Reg. No. 27,757; James D. Hamilton, Reg/No v 28,42 1; Eckhard H. Kuesters, Reg. No. 
28370; Robert T. Pous, Reg. No. Charles L. Gholz, RegTNo. 26 T 39 5; Vincent J. Sunderdick, Reg. No. 29,004; William E. Beaumont, 

RegTNo. 30,996; Robert R Gnuse, Reg. No. ^295; Jean-Paul LavalleyeT^eg. No. 31,451; Stephen G. Baxter, Reg. No. 32,884; Martin M. 
Zoltick, RegTNo*.j35rM5; Robert W. Hahl, Reg. No. 33,893; Richard L. Treanor, Reg. No.J36J32a^Steven R Weihrouch, Reg. NJoT^S^; John 
T. Goolkasian, Reg. No. 26^2; Richard L. Chinn, Reg. No. 34,305; Steven E. Lipman, Reg. No. 30,011 ; Carl E. Schlier, Reg. No. 34,426; James 
J. Kulbaski, Reg. No. 34,64g ; Richard A. Neifeld, Reg. No. 35,299; J. Derek Mason, Reg. No. „ 3_5,270 ; Surinder Sachar, Reg. No. 34,42 3; 
Christina M. Gadiano, RegTNo, ^7^628; Jeffrey B. Mclntyre, Reg. No. ,36JS§Z^and Paul E. Rauch, Reg. No. ,38^ 591 w ith full powers~of 
substitution and revocation. 



Addresser toute correspondance a: 
M» SOLVAY (Societe Anonyme) 
Q Departement de la Propriete Intellectuelle 
p Rue de Ransbeek, 3 10 i 
hj B - 1 120 BRUSSELS (Belgium) 



Send Correspondence to:' 

^EQUBIB-ELOQR * 

17 55 JEFFERSON DAVIS HIGHWA Y 
ATClfTGTON, VIRGINIA 22202 U.S.A. 



r^Adresser tout appel telephonique a: 
r^(nom et numero de telephone) 

i GRANVILLE Maryse + 32 2 264 21 1 1 



Direct Telephone calls to: (name and telephone number) 
(703)413-3000 



Nom complete de i'unique ou premier inventeur 

Ivan CLAEYS 


Full name of sole or first inventor 


Signature de Yvr^p^r^ Date 

— February 28, 


Inventor's signature Date 
2002 


Domicile L. Van Beethovenlaan, 7 

B-3191 BOORTMEERBEEK (Belgium). 


Residence 


National Rdge 


Citizenship 


Adresse Postale 


Post Office Address 






Nom complete c 


u second co-inventej>riB^cas echeant 

| f ^enri32^At^IER 


Full name of second joint inventor, if any 


Signature de 1'ir 


fMs^ y / Date 

M ^L^y February 28, 200^ 


Second inventor's signature Date 

> 


Domicile^"' ^ \ 

bT 


ffiouis^iala, 19 

7090^RAINE-LE-COMrE (Belgium) 1 


Residence 


Nationalite _ , • — ■ " _ ^\ / 

Beige -6^^ 


Citizenship 


Adresse Postale 


Post Office Address 







(Foumier !es memes renseignements et la signature de tout 
co-inventeur supplemental ) 



(Supply similar information and signature for third and subsequent 
joint inventors.) 
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French Language Declaration 






Horn compiet du troisieme co-inventeur, le-cas echeant 
Dino MANFREDI 


Full name of third joint inventor, if any 




Signature cteli'inventeun v. Date 

/Ao^y^^ % ^J~* Feb. 28, 200: 


Third Inventor's signature 

> 


Date 






Domicile 'tSijpj^ 

B-3530 HOUTHMJEN=HFJ OHHtEN (Belgium) 


Residence 






National ^ ^ 


Citizenship 






Adresse Postale 


Post Office Address 




















Norn compiet du quatrieme co-inventeur, le cas echeant 


Full name of fourth Joint inventor, if any 






Signature de 1'inventeur Date 


Fourth Inventor's signature 


Date 






PpmicHe 


Residence 






Mtionalite 

Li 


Citizenship 






%ciresse Postale 

o 


Post Office Address 




















^Nom compiet du cinquieme co-inventeur, le cas echeant 


Full name of fifth joint inventor, if any 






Signature de 1'inventeur Date 


Fifth Inventor's signature 


Date 






domicile 


Residence 






ffSJationalite 


Citizenship 






Adresse Postale 


Post Office Address 




















Norn compiet du sixieme co-inventeur, le cas echeant 


Full name of sixth joint inventor, if any 






Signature de 1'inventeur Date 


Sixth Inventor's signature 


Date 






Domicile 


Residence 






Nationality 


Citizenship 






Adresse Postale 


Post Office Address 












(Foumir ies memes renseignements et la signature de tout 
co-inventeur supplemental.) 


(Supply similar information and signature for third and sub- 
sequent joint inventors.) 









